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(54) Tool abnormality detecting device 

(57) There is provided a tool abnormality detecting 
device capable of precisely detecting an abnormality of 
a tool of a machine tool and timely requiring a change 
of the tool. Disturbance torques ys and yz exerted on a 
spindle motor and a Z-axis feed motor, respectively, in 
machining are estimated and stored in a data table(S1 ). 
Averages ysav 1 and yzavl of ys and yz, respectively, 
in a period from a point of time preceding the present 
time by a time period T1 to the present time are obtained 
as presumed present loads (S3). Running thresholds 
are determined based on averages ysav23 and yzav23 
of ysandyz, respectively, in a period from a point of time 
preceding the present time by a time period T2 to a point 
of time preceding the present time by a time period T3 
(T1 <T2<T3)(S4). The presumed present loads ysav 1 
and yzavl are compared with the running thresholds, 
respectively (S6), and if any of the presumed present 
loads ysav 1 and yzavl deviates from, the running 
threshold, it is discriminated that an abnormality of the 
tool occurred and a signal requesting a change of the 
tool is issued after the present machining cycle (S7). 
The running threshold may be determined based on an 
average waveform of the disturbance torque in a plural- 
ity of past machining cycles. 
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Description 

[0001] The present invention relates to a device for 
automatically detecting an abnormality of a tool occuring 
at a breakage of the tool or immediately before the 
breakage of the tool in machining by the tool, and pref- 
erably for requiring a change of the tool when the ab- 
normality of the tool is detected. The present invention 
provides a technique applicable to almost all technical 
fields of machining using a tool, and is advantageously 
applied particularly to drilling, tapping and milling, etc. 
by a machining center. 

[0002] In general, cutting resistance of a tool for ma- 
chining increases as total time of machining increases, 
because of abrasion of a cutting edge of the tool, to ul- 
timately bring a breakage of the tool. As the abrasion of 
the cutting edge advances, the machining precision is 
lowered to make it difficult to maintain the machining 
precision required for a machined workpiece. A device 
for automatically detecting an abnormality of a tool 
caused by chip packing and wear limit, etc. has been 
developed so as to cope with automatic machining for 
a long time period, and is called a tool abnormality de- 
tecting device. 

[0003] In such tool abnormality detecting device, a 
cutting load is detected continuously based on a driving 
current or a driving power of a spindle motor and/or at 
least one of feed axis motors. The detected load is com- 
pared with a threshold which is a predetermined con- 
stant value to discriminate an abnormality of the tool. 
[0004] There is disclosed a technique for detecting an 
abnormal load caused by a collision between a convey- 
ing device and a feed table of a machine tool and so 
forth in Japanese Patent Publication No. 2002-1633. In 
this technique, it is described that a discrimination level 
for detecting an abnormal load is set based on an aver- 
age of an actual load in several past machining cycles 
in view that a motor torque is made larger at beginning 
cycles of the machining immediately after the power is 
turned on than at steady state because of insufficient 
lubrication of the machine. 

[0005] However, there has arisen the following prob- 
lem in the above-mentioned tool abnormality detecting 
device. A load torque of the spindle motor and a load 
thrust of at least one of the feed axes motors change if 
a cutting condition such as a rotational speed of the spin- 
dle and/or a feed rate of the feed axes is changed even 
if the same workpiece is machined by the same tool of 
the same machine using the same cutting fluid. There- 
fore, it is difficult to set an appropriate common threshold 
of the load torque/thrust for detecting a tool breakage. 
In practice, the threshold has been set based on expe- 
rience of an operator or measured values in test ma- 
chining each time before an actual machining . This cum- 
bersome setting operation has been a cause of lowering 
efficiency of the machining. 

[0006] Further, a load torque curve of the spindle mo- 
tor and a load thrust curve of the feed axis motorchange 



in absolute value of the load at the beginning of machin- 
ing, and a rate of increase of the load in the midst of ma- 
chining. if a workpiece or a tool is changed to a new one 
having the same specification even if the machining 
5 condition is not changed. A transition curve of the load 
torque/thrust is schematically shown in FIG. 1a. In FIG. 
1a, a curve C1 represents the load in cutting a workpiece 
a1 by a tool b1, and a curve C2 represents the load in 
cutting a workpiece a2 having the same specification as 
10 the workpiece a1 by a tool b2 having the same specifi- 
cation as the tool b1 . A symbol x indicates an occurrence 
of a breakage of the tool. 

[0007] As can be seen from FIG. 1a, the curves C1 
and C2 are different in the absolute value of the load at 
15 the beginning of machining and the rate of increase of 
the load in the midst of the machining, and it would be 
difficult to set an appropriate threshold for precisely de- 
tecting a breakage of the tool specifically in the case 
where the difference of the curves is large. 
20 [0008] The above-mentioned Japanese Patent Publi- 
cation No. 2002-1 633 refers to setting of abnormality de- 
termination level based on an average value of the ac- 
tual load in several past machining cycles. However, this 
document does not refer to the detection of an abnor- 
25 mality of the tool to cope with the difference of the tran- 
sition of the cutting load in the case of changing a work- 
piece or a tool to a new one of the same specification 
under the same machining condition, as shown in FIG 
1a. 

30 [0009] It is desirable to provide a tool abnormality de- 
tecting device capable of precisely detecting a breakage 
of the tool or a status of the tool immediately before the 
breakage to enable a timely change of the tool by auto- 
matically determining an appropriate threshold of a load 
35 torque and/or thrust of the tool for discriminating a 
breakage of the tool irrespective of a machining condi- 
tion and kinds of tool, workpiece and machine tool. 
[0010] According to the present invention, a cutting 
load exerted on a spindle motor and/or at least one of 
40 feed axes motors is monitored on the basis of an aver- 
age or a maximum in the case as shown in FIG. 1b or 
on the basis of a waveform pattern in one machining 
cycle in the case as shown in FIG. 1 c in a predetermined 
period, and an abnormality of the tool is discriminated 
4 5 based on comparison of the cutting load with a thresh- 
old. 

[0011] The threshold is not set to a common constant 
value but is determined based on a running reference 
of the cutting load which has been detected in a period 
50 preceding the present time in machining. 

[0012] Specifically, an average or a maximum of the 
cutting load can be adopted as the reference for deter- 
mining the threshold in a case where the cutting load is 
deemed to be constant in each machining cycle, such 
55 as drilling, as shown in FIG. 1 b. A waveform of the cut- 
ting load in machining can be adopted as the reference 
for determining the threshold in a case where the cutting 
load varies in each machining cycle, such as tapping, 
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as shown in FIG. 1c. 
[0013] A tool abnormality detecting device for detect- 
ing an abnormality of a tool of a machine tool of the 
present invention may comprise: 

5 

cutting load detecting means for detecting a cutting 
load on a spindle motor and/or a cutting load on a 
feed axis motor in machining by the machine tool; 
present load presuming means for obtaining at least 
one of an average and a maximum of the cutting 10 
load detected by the cutting load detecting means 
in a fist period as a presumed present load; thresh- 
old determining means for determining a running 
threshold based on at least one of an average and 
a maximum of the cutting load detected by the cut- 15 
ting load detecting means in a second period longer 
than the first period; discriminating means for dis- 
criminating an abnormality of the tool based on a 
comparison between the presumed present load 
with the running threshold. 20 

[0014] The running threshold may be determined ac- 
cording to any of the following processes (1)-(3). 

(1 ) The average, the maximum orthe waveform pat- 25 
tern of the cutting load for the second period is mul- 
tiplied by a predetermined coefficient. 

(2) A predetermined value is added to or subtracted 
from the average, the maximum or the waveform 30 
pattern of the cutting load for the second period. 

(3) The running threshold is determined based on 
an average, a maximum orthe waveform pattern of 

the cutting load from a point of time preceding a 35 
present time by a third period longer than the sec- 
ond period to a point of time preceding the present 
time by the second period. 

[0015] It is preferable that the discriminating means *o 
comprises means for issuing a signal requiring a change 
of the tool based on discrimination of an abnormality of 
the tool. 

[0016] The discriminating means may discriminate an 
abnormality of the tool when the presumed present load 45 
exceeds the running threshold, or when the presumed 
present Joad. is. lower than the running threshold. 
[0017] Further, the threshold determining means may 
determine a first running threshold and a second run- 
ning threshold smaller than said first running threshold, 50 
and the discriminating means may discriminate an ab- 
normality of the tool when the presumed present load 
exceeds the first running threshold or is less than the 
second running threshold. 

[0018] The present invention notes that status of a 55 
cutting load greatly changes at a breakage of a tool or 
immediately before the breakage of the tool in compar- 
ison with the status of the cutting load preceding the 
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breakage by a considerable time period, which has been 
changed due to abrasion of the tool. The status of the 
tool is monitored by the cutting load detecting means in 
the machining. An average or a maximum of the cutting 
load at each sampling period for a period from a point 
of time preceding the present time by a time period T1 
to the present time is obtained as the presumed present 
load. An average or a maximum of the cutting load at 
each sampling period for a period, e.g. several seconds 
to several tens of seconds, is obtained based on data 
of the cutting load from a point of time preceding the 
present time by a time period T2 to the present time. 
[0019] Further, the running threshold may be deter- 
mined based on the data of the cutting load for a period 
from a point of time preceding the present time by a time, 
period T3 longer than the time period T2. 
[0020] On the other hand, in the case of adopting the 
waveform pattern of a cutting load as the reference for 
determining the running threshold, an average wave- 
form of the cutting load is obtained based on the data of 
the cutting toad in a plurality of past machining cycles, 
as shown in FIG. 2. The running threshold is determined 
as a band region by multiplying data of the average 
waveform by a predetermined coefficient, or adding/ 
subtracting a predetermined value to/form the data of 
the average waveform. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

FIG. 1a is a graph showing transition of a cutting 
load in series of machining cycles of machining 
workpieces of the same specification by a different 
tool of the same specification in the same machin- 
ing condition; FIG. 1 b is an example of a waveform 
of the cutting load in one machining cycle for which 
a running threshold is determined based on an av- 
erage or the maximum of the cutting load; FIG. 1c 
is an example of a waveform of the cutting load in 
one machining cycle on which a running threshold 
is determined based on the waveform; 

FIG. 2 is a graph showing a running threshold de- 
termined by setting an upper limit and a lower limit 
with respect to an average waveform; 

FIG. 3 is a block diagram of a hardware configura- 
tion of a computerized numerical controller (CNC) 
which functions as the tool abnormality detecting 
device according to an embodiment of the present 
invention; 

FIG. 4 is a functional block diagram showing 
processing of detecting an abnormality of a tool; 

FIG. 5 is a flowchart of the processing of detecting 
an abnormality of the tool; 
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FIG. 6 is a graph showing an example of transition 
of waveforms of respective disturbance torques of 
a spindle motor and a Z-axis feed motor at a begin- 
ning stage of a series of cutting cycles; 

FIG. 7 is a graph showing transition of waveforms 
of the estimated disturbance torques of the spindle 
motor and the Z-axis feed motor in cutting cycles at 
a middle stage; 

FIG. 8 is a graph showing transition of waveforms 
of the respective disturbance torques of the spindle 
motor and the Z-axis feed motor in cutting cycles 
before an breakage of the tool; 
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FIG. 9 is a graph showing transition of waveforms 
of the respective disturbance torques of the spindle 
motor and the Z-axis feed motor in cutting cycles 
including a cutting cycle in which the breakage oc- 
curred; 2 o 



FIG. 1 0 is a graph showing another example of tran- 
sition of waveforms of the respective disturbance 
torques of the spindle motor and the Z-axis feed mo- 
tor in cutting cycles at a beginning stage; 



25 



FIG. 11 is a graph showing transition of waveforms 
of the respective disturbance torques of the spindle 
motor and the Z-axis feed motor in cutting cycles at 
a middle stage; 



30 



FIG. 12 is a graph showing transition of respective 
waveforms of the estimated disturbance torques of 
the spindle motor and the Z-axis feed motor in cut- 
ting cycles before a breakage of the tool; 35 

FIG. 13 is a graph showing transition of respective 
waveforms of the estimated disturbance torques of 
the spindle motor and the Z-axis feed motor in cut- 
ting cycles including a cutting cycle in which the 40 
breakage occurred; 

FIG. 14 is a table showing a result of comparison of 
the present load with an average waveform of the 
past five cutting cycles; and 45 



FIG. 15 is a schematic diagram showing determi- 
nation of the running threshold and comparison be- 
tween the running threshold and the estimated 
present load in the series of machining cycles. 



so 



[0022] FIG. 3 shows a hardware constitution of a com- 
puterized numerical control (CNC) device which func- 
tions as a tool abnormality detecting device according 
to an embodiment of the present invention. In FIG. 3 5 a 
numerical controller 1 0 has a processor 1 1 for generally 
controlling the whole system. The processor 11 reads a 
system program stored in a ROM 12 via a bus 21 , and 
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executes the control of the whole of the controller 1 0. A 
RAM 13 in the form of DRAM, for example, temporarily 
stores calculation data., display data, etc. 
[0023] A CMOS 14 stores a machining program and 
various parameters. The machining program includes 
position data of a plurality of commanded points for de- 
fining a machining path. The CMOS 14 is backed up by 
a battery (not shown) to function as a nonvolatile mem- 
ory in which data is not erased even if the power source 
of the numerical controller 10 is turned off. 
[0024] An interface 15 is connected with an external 
device 31 such as a off-line programming device and a 
printer so as to perform input/output with the external 
device. When a machining program is prepared by using 
the off-line programming device, data of the machining 
program are read by the numerical controller 10 via the 
interface 15. The data of the machining program edited 
by the numerical controller 1 0 can be outputted through 
the printer. 

[0025] A PC (programmable controller) 16, which is 
incorporated in the controller 10, controls the machine 
by means of a sequence program prepared in a ladder 
form. Specifically, the PC 16 converts data into signals 
necessary for the sequence program in accordance with 
various functions specified by the machining program, 
and sends out them to the machine side (in this exam- 
ple, the drilling machine having three feed axes) through 
an I/O unit 1 7. These output signals operate various op- 
eration parts (air cylinder, screw, electric actuator, etc.) 
on the machine. Also, the PC 16 receives signals from 
various switches on the machine and a machine control 
panel, performs necessary processing on them and 
sends them to the processor 11 . 
[0026] The PC 1 6 detects an abnormality of the tool 
according to the present invention and issues a signal 
for requiring a change of the tool when the abnormality 
is detected. The details of the processing will be de- 
scribed later. 

[0027] A graphic control circuit 1 8 converts digital da- 
ta such as the present position of each axis (of three 
axes in this example), alarm, parameter and image data 
into an image signal, and outputs them. This image sig- 
nal is sent to a display device 26 in a CRT/MDI unit 25, 
and is displayed on the display device 26. An interface 
19 receives data from a keyboard 27 in the CRT/MDI 
unit 25, and sends them to the processor 1 1 . 
[0028] An interface 20, which is connected to a man- 
ual pulse generator32, receives pulses from the manual 
pulse generator 32. The manual pulse generator 32 is 
mounted on the machine control panel andean be used 
for manual operation to move and position a movable 
part of the machine body including a work table. 
[0029] Axis control circuits 41 to 43 receive motion 
commands for respective axes from the processor 11, 
and issue torque commands to the servo amplifiers 51 
to 53. The servo amplifiers 51 to 53 drive servomotors 
for respective axes (a X-axis motor 61, a Y-axis motor 
62 and a Z-axis motor 63) based on the torque com- 
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mands. The servomotors 61 to 63 for respective axes 
drive basic three axes (X-axis, Y-axis and Z-axis) of the 
machine. 

[0030] A pulse coder 631 as a position detector is pro- 
vided at the servomotor 63 for driving Z-axis. Although $ 
not shown in the figure, each of the servomotors 61 and 
62 for other axes is similarly provided with a pulse coder. 
The output pulse of the pulse coder is used to generate 
a position feedback signal and a speed feedback signal. 
[0031] A spindle control circuit 71 receives a spindle 10 
rotation command, and sends outa spindle speed signal 
to a spindle amplifier 72. The spindle amplifier 72 re- 
ceives the spindle speed signal and rotates a spindle 
motor 73 at the commanded rotational speed, to rotate 
a tool (e.g. a drill, a ball end mill) attached to the spindle '5 
of the machine. The number of servo-controlled axes 
(except the spindle axis) are three in this example, how- 
ever, the number of servo-controlled axes may increase 
or decrease in accordance with a kind of the machine. 
[0032] Thus, the hardware configuration and basic 20 
functions of the numerical controller as described may 
be the same as those of an ordinary numerical control- 
ler, not requiring a special change. According to the 
present invention, the numerical controller is provided 
with software means for executing the following 25 
processing so as to function as the tool abnormality de- 
tecting device. In this embodiment, the processing for 
detecting an abnormality of the tool is executed by the 
PC 16 in accordance with the software. 
[0033] The processing for detecting an abnormality of 30 
the tool will be described referring to the block diagram 
of FIG. 4 and the flowchart of FIG. 5. 
[0034] In FIG. 4, cutting load torque detecting means 
1 for the spindle motor 73 estimates a disturbance 
torque ys acting on the spindle motor 73 based on the 35 
velocity feedback signal of the spindle motor 73 and the 
torque command to the spindle motor 73. Similarly, a 
cutting load thrust detecting means 2 for the feed axis 
motor (e.g. the Z-axis motor 63 in this embodiment) es- 
timates a disturbance torque yz acting on the Z-axis mo- *o 
tor 63 based on the velocity feedback signal of the Z- 
axis motor 63 and the torque command for the Z-axis 
motor 63. 

[0035] The disturbance torque ys and the disturbance 
torque yz are calculated in the machining at every pre- 45 
determined period which is sufficiently shorterthan a pe- 
riod of one machining cycle, e.g. a drilling operation of 
one hole, and stored in the memory, e.g. the CMOS 14 
or a memory provided at the PC 16, as load data with 
time information, so that the PC 1 6 can access the load so 
data of ys andyz in the memory by designating a specific 
period. 

[0036] Threshold calculation means 3 calculates at 
least one threshold value for determination of an abnor- 
mality of the tool based on the stored data of "ys" and 55 
"yz" in a period designated on the basis of the present 
time, i.e. the present processing period. The threshold 
value can be calculated in one of the following process- 
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es(1)-(5). 

[0037] For the following processes, parameters of a 
first time period T1 (approximately one second., for ex- 
ample), a second time period T2 (several seconds to 
several tens of seconds, for example) quite longer than 
the first time period T1 , and further in the case of proc- 
esses (3) and (4) a third time period T3 still longer than 
the second time period T2 (by several seconds to sev- 
eral tens of seconds, for example) are set in advance 
as parameters in the CMOS 14 or the memory provided 
at the PC16. In any of the following processes, respec- 
tive averages of the stored data "ys" and the stored data 
"yz" in a period from a point in time preceding the 
present time by the time period T1 to the present time 
are calculated as presumed present loads of the spindle 
motor and the Z-axis motor, respectively. 

(1 ) Respective averages of the stored data "ys" and 
the stored data "yz" in a period from a point of lime 
preceding the present time by the time period T2 to 
the present time are calculated. The running thresh- 
olds for the spindle motor and the Z-axis motor are 
determined by multiplying the averages of the 
stored data "ys" and the stored data "yz 11 by prede- 
termined coefficients, respectively. 

(2) Respective averages of the stored data "ys" and 
the stored data "yz" in a period from a point of time 
preceding the present time by the time period T2 to 
the presenttime are calculated. The running thresh- 
olds for the spindle motor and the Z-axis motor are 
determined by adding/subtracting predetermined 
values to/from the averages of the stored data "ys" 
and the stored data "yz", respectively. 

(3) Respective averages of the stored data "ys" and 
the stored data "yz" in a period from a point in time 
preceding the present time by the time period T3 to 
a point in time preceding the present time by the 
time period T2 are calculated. The running thresh- 
olds for the spindle motor and the Z-axis motor are 
determined by multiplying the averages of the 
stored data "ys" and the stored data "yz" by prede- 
termined coefficients, respectively. 

(4) Respective averages of the stored data "ys" and 
the stored data "yz" in a period from a point in time 
preceding the present time by the time period T3 to 
a point in time preceding the present time by the 
time period T2 are calculated. The thresholds for 
the spindle motor and the Z-axis motor are deter- 
mined by adding/subtracting predetermined values 
to/from the averages of the stored data "ys" and the 
stored data "yz", respectively. 

(5) An average waveform is obtained based on re- 
spective averages of the stored corresponding data 
"ys" and the stored corresponding data "yz" be- 
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tween respective starts and ends of a plurality of 
past cutting cycles preceding the present cuttin g cy- 
cle. Each of the running thresholds is determined 
by a range defined by setting an upper limit and a 
lower limit with respect to the average waveform. 

[0038] The threshold calculation means 3 calculates 
at least one threshold for each of the spindle motor and 
the feed axis motor according to one of the above proc- 
esses. In general, there is a possibility of occurring an 
abnormality of the tool not only in a case where an ex- 
cessive load is exerted on the tool but also in a case 
where a too small load is exerted on the tool in the ma- 
chining. Thus, it is preferable to calculate and set two 
threshold values, i.e. an upper threshold for the exces- 
sive load and a lower threshold for the too small load for 
each of the spindle motor and the feed axis motor. 
[0039] Comparison means 4 discriminates an abnor- 
mality of the tool based on a comparison between the 
presumed present load and the threshold value or val- 
ues. For example, if it is determined that the presumed 
present load exceeds the threshold value defining the 
upper limit or become lower than the threshold value de- 
fining the lower limit, the comparison means 4 discrim- 
inates that there occurred an abnormality of the tool. 
[0040] The tool change requiring means 5 issues a 
signal for changing the tool with new one based on the 
discrimination of abnormality of the tool by the compar- 
ison means 4. In response to the tool change signal, a 
graphical message to require a change of the tool and 
further data of the discrimination are displayed on the 
display device 26 of the MDI unit 25. Further, an alarm 
may be issued to stop the machining, if necessary. 
[0041] The processing of determination of an abnor- 
mality of the tool is described further in detail referring 
to the flowchart of FIG. 5. In this example, the running 
threshold is determined according to the process (3). 
[0042] The following description will be made from a 
start of the actual machining in the fist machining cycle, 
i.e. a drilling of a first hole. The start of the actual ma- 
chining is an instance after a time At from the issuance 
of a start command of the machining cycle. The time At 
is determined to be a value obtained by adding a minute 
time period to the time period from the issuance of the 
start command to the actual start of the machining with 
the tip of the tool is brought into contact with the work- 
piece. 

[0043] Step S1/S2: The disturbance torque ys exerted 
on the spindle motor and the disturbance torque yz ex- 
erted on the Z-axis feed motor are estimated and the 
calculated values are stored in a data table. The 
processing of Step S1 is repeatedly executed at every 
predetermined sampling period until the time period tO 
lapses from the start of the machining, so that the data 
of "ys" and "yz" at every predetermined period are 
stored in the data table. The time period tO is set to be 
a little longer than the time periods T1 , T2 and T3. In the 
case of not using the time period T3, the time to is set 



a little longer than the time period T2. After the time tO 
lapsed, the date necessary for calculating the average 
values are prepared. 

[0044] Step S3: The data of ys and yz from a point of 
5 time preceding the present time by the time period T1 
to the present time are read from the data table. The 
averages ysavl and yzavl of the data of ys and yz, re- 
spectively, are obtained as the presumed present loads 
of the spindle motor and the Z-axis feed motor. Alterna- 
te tively, the maximum values of the data ys and yz may 
be adopted as the presumed present loads of the spin- 
dle motor and the Z-axis feed motor, respectively. 
[0045] Step S4: The data of ys and yz from a point of 
time preceding the present time by the time period T2 
is to a point of time preceding the present time by the time 
period T3 are read and averages ysav 23 and yzav23 
of the read data of ys and yz, respectively, are calculat- 
ed. Alternatively, the data of ys and yz from a point of 
time preceding the time period T2 to the present time 
20 are read and the averages ysav 2 and yzav2 of the read 
data may be calculated. 

[0046] Step S5: One or two running thresholds are de- 
termined for each of the spindle motor and the Z-axis 
feed motor based on ysav23 and yzav23, respectively. 
25 in this embodiment, the upper thresholds ystht and 
yzthl defining the upper limits for the spindle motor and 
the Z-axis feed motor, respectively are determined, and 
the lower thresholds ysth2 and yzth2 defining the lower 
limits for the spindle motor and the Z-axis feed motor, 
30 respectively, are determined. The running thresholds 
may be determined according to any of the processes 
(1)-(5) as described. In this embodiment, the upper 
thresholds ysthl and yzthl , and lower thresholds ysth2 
and yzth2 are determined by multiplying the average 
35 values ysav23 and yzav23 by 1 .3 and 0.7, respectively, 
as follows; 



40 



45 



ysthl = 1.3 x ysav23 



yzthl = 1.3 x yzav23 



ysth2 = 0.7 x ysav23 



yzth2 = 0.7 x yzav23 

50 [0047] In the case of adopting the average values 
ysav2 and yzav2 for determine the running thresholds, 
the upper and lower thresholds for the spindle motor and 
the Z-axis motor may be determined according to the 
following equations. 



55 



ysthl = 1.4 x ysav2 
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yztM = 1.4 x yzav2 

ysth2 = 0.7 x ysav2 

yzth2 = 0.7 x yzav2 

[0048] Alternatively, the running thresholds may be 10 
determined by adding predetermined values A1 - A4 to 
the average values ysav2 and yzav2, as follows; 

ysthl = ysav2 + A1 r5 
yzthl = yzav2 + A2 

20 

ysth2 = ysav2 - A3 
yzth2 = yzav2 - A4 

25 

[0049] Step S6: The presumed present loads ysavl 
and yzavl are compared with the running thresholds 
ysthl , ysth2 and yzthl , yzth2, respectively. In particular, 
it is determined whether or not the presumed present 
load ysavl of the spindle motor is within the range de- 30 
fined by the upper threshold ysth 1 and the lower thresh- 
old ysav2, and whether or not the presumed present 
load yzavl of the Z-axis feed motor is within the range 
defined by the upper threshold yzthl and the lower 
threshold yzav2. If it is determined that the presumed 35 
present load ysavl deviates from the range ysthl - 
ysth2, orthat the presumed present load yzavl deviates 
from the range yzthl -yzth2, it is discriminated that an 
abnormality of the tool occurred and the procedure pro- 
ceeds to Step S7. If it is determined that the presumed 40 
present load ysavl is within the range ysthl - ysth2 and 
that the presumed present load yzavl is within the range 
yzthl -yzth2, the procedure returns to Step S1 and the 
processing of Steps S1-S6 is repeatedly executed. In 
the subsequent processing periods, the sampling of da- 45 
ta is performed at Step S1 after the time A t lapses from 
the issuance of the machining start command for each 
machining cycle, and a command for terminating the 
machining cycle is not issued, for collecting the data in 
the actual machining. The machining start command so 
and the machining terminating command are issued for 
each machining cycle. 

[0050] Step S7: After completion of the present ma- 
chining cycle, a signal requiring a change of the tool is 
issued. In response to the signal, an information requir- 55 
ing a change of the tool is displayed on the display de- 
vice 26. Further, an alarm may be issued to stop the ma- 
chining. 
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[0051] FIGS. 6-9 show translation of the waveforms 
of the estimated disturbance torques of the spindle mo- 
tor and the Z-axis feed motor. The waveforms are ob- 
tained in drilling operations on a steel workpiece of 
S50C with a tool of a twisted drill made of high-speed 
steel coated by TiN having a diameter of 2.5mm. The 
drilling operations are performed on conditions: revolu- 
tion speed of 3400 min* 1 , feed rate of 0.1 mm/rev, depth 
of hole 10 mm, using cutting fluid of emulsion type. 
[0052] The estimated disturbance torque is obtained 
by subtracting the load on the motor in idling from the 
load on the motor in machining, to measuring a substan- 
tial cutting torque. 

[0053] Each of FIGS. 6-9 shows the data in drilling ten 
holes of a series of machining. FIG. 6 shows the data at 
a beginning stage (2nd to 11th holes), FIG. 7 shows the 
data at a middle stage (2,992nd to 3,001st holes), FIG. 
8 shows the data at a stage before the breakage 
(5,602nd to 5,611 th holes) and the FIG. 9 shows the da- 
ta at a state of termination (5,612th to 5,621st holes; 
breakage occurred at 5,61 3th hole). It can be seen that 
the absolute value of the estimated disturbance torques 
of the spindle motor and the Z-axis feed motor increase 
as the time lapses, i.e. the tool abrades from the transi- 
tion of the waveforms. 

[0054] The waveforms show that the absolute values 
of the estimated disturbance torques of the spindle mo- 
tor and the Z-axis feed motor greatly increase at drilling 
of "5,611th" hole which is preceding a breakage of the 
tool at drilling of "5,61 3th" hole by two machining cycles, 
as clearly distinguished from the waveforms before the 
drilling of "5,611 th" hole. By detecting the sharp increase 
of the estimated disturbance torques of the spindle mo- 
tor and the Z-axis feed motor, the breakage of the tool 
is predicted and a signal requiring a tool change is is- 
sued at the "5,61 1th" hole or the "5,612th" hole before 
the breakage of the tool. 

[0055] As described, the absolute value and the 
change of rate (gradient of trend of increase) of the es- 
timated disturbance torque may be different in particular 
machining even in the same machining condition. Ac- 
cording to the present embodiment, the threshold for 
discriminating an abnormality of the tool automatically 
varies in dependence on the previous disturbance 
torque in the preceding machining cycle, so that the 
characteristic change of the disturbance torque is pre- 
cisely detected to cope with the particularity of the ma- 
chining. 

[0056] For the above example of drilling operation , as 
shown in FIG . 1 5, the running thresholds are determined 
based on averages of the data in past five machining 
cycles by setting the time periods T2 and T3 such that 
a period from a point of time preceding the present time 
by the time period T2 to a point of time preceding the 
present time by the time period T3 coincides with the 
past five drilling cycles. The table of FIG. 14 shows a 
result of comparison of the present loads with thus ob- 
tained averaged waveforms. For instance, in the drilling 
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cycle for M 5,599th" hole at the first line of the table of 
FIG. 14, running-average waveforms of the estimated 
disturbance torques of the spindle motor and the Z-axis 
motor are obtained in the past five drilling cycles be- 
tween the drilling of u 5 ! 692nd" hole which is seven holes 5 
past and the drilling of "5,596th" hole which is three 
holes past. Respective averages of the estimated dis- 
turbance torques at corresponding fifteen . sampling 
points (8ms x 15= 120ms) in the five drilling cycles are 
calculated to determine the running average wave- ic 
forms. 

[0057] The estimated disturbance torque in the 
present drilling cycle is compared with the data of thus 
obtained running-average waveform at corresponding 
sampling points in one to one relation for the spindle 15 
motor and the Z-axis motor, so that a ratio of the present 
load to the running-average waveform is calculated at 
each sampling point. In the table of FIG. 14, only the 
maximum value of the ratio for each or the spindle motor 
and the Z-axis motor in each drilling cycle is shown. 20 
[0058] In the same manner, the results of comparison 
at the subsequent drilling cycles are shown in the sub- 
sequent lines in the table of FIG. 1 4. The maximum val- 
ue of the ratio of the estimated present load of the spin- 
dle motor to the running-average waveform is held at 25 
approximately 110% in the subsequent drilling cycles 
and suddenly rises to a value exceeding 1 50% at a drill- 
ing cycle of 5,61 1 th hole which is two cycles prior to the 
breakage of the tool. Similarly, the maximum value of 
the ratio of the estimated present load of the Z-axis feed 30 
motor to the running-average waveform is held at ap- 
proximately 1 30% and suddenly rises to a value exceed- 
ing 175% at the drilling cycle of 5,611th hole which is 
two cycles prior to the breakage of the tool. 
[0059] In the above case, the running threshold for 35 
predicting a breakage of the tool is set to a value ob- 
tained by multiplying the running-average waveform by 
a coefficient of "1.5". 

[0060] FIGS. 1 0 to FIG. 1 3 show variations of the es- 
timated disturbance torques of the spindle motor and the 40 
Z-axis feed motor in a drilling operation by a cemented 
carbide drill of <P2.5 mm with the other conditions same 
as those in the machining as shown in FIGS. 6-9. In this 
example, a breakage of the tool occurred at a drilling 
cycle of "59,393th" hole and any abnormality which may 45 
predict the breakage of the tool does not appear in the 
drilling cycles preceding the breakage of the tool. In this 
type of the breakage of the tool, it is preferable to set 
the running threshold for detecting the tool breakage to 
a range determined by setting an upper limit of +30% so 
and a lower limit of -30% with respect to the running- 
average waveform. 

[0061] With the running threshold thus determined, an 
breakage of the tool is immediately detected by deter- 
mination of the estimated present load exceeds the low- 55 
er limit, and thus a signal requesting a change of the tool 
is immediately issued, to reduce a downtime of the ma- 
chine caused by a breakage of the tool to the minimum 



even in the case where any abnormality of the tool does 
not present before the breakage. 
[0062] In the above description, the disturbance load 
acting on the spindle motor and the feed axis motor in 
machining is obtained as the estimated torque. Alterna- 
tively, a driving current or a driving power may be adopt- 
ed as a value directly representing the cutting load. Fur- 
ther, in the case of machining, such as tapping, where 
the disturbance load varies with a relatively large ampli- 
tude in one machining cycle but a waveform pattern of 
the disturbance load in the repetitive machining cycles 
are substantially the same, the present load only at a 
predetermined sampling point in the machining cycle 
may be compared with the running threshold at the cor- 
responding sampling point, to discriminate an abnor- 
mality of the tool. 

[0063] According to the present embodiments, an ab- 
normality of a tool at a breakage thereof or immediately 
before the breakage is automatically delecled, so that 
the tool can be timely changed to a new one based on 
the detection of abnormality of the tool. Therefore, con- 
sumption of tools can be reduced by using each tool for 
its full life, and idle time in an operation of the machine 
is reduced by eliminating an inspection of an abnormal- 
ity of the tool in each machining cycle, to improve pro- 
ductivity of machining. 

[0064] The tool abnormality detecting device of the 
present embodiments can solve the following problems 
which have been strongly desired to be solved in a fac- 
tory of machining. 

(1 ) In a long-time automatic machining, a machining 
operation is stopped in response to an alarm of de- 
tecting a breakage of the tool occurs so as to pre- 
vent producing defective products by the broken 
tool until the breakage is recognized by an operator. 
Therefore, there is a long idle time until a restart of 
the machine. 

(2) To cope with the above problem, there is known 
a method of incorporating an inspection process of 
inspecting a breakage of the tool using a touch sen- 
sor, etc. in the machining process and if a breakage 
of the tool is detected, the tool is changed to a new 
one. In this method a cycle time is elongated be- 
cause of the inspection process. 

(3) It is necessary to change a tool in use before a 
breakage thereof for safety in management of 
changing a tool on the basis of the number of ma- 
chined workpieces which has been commonly car- 
ried out in a mass-production factory. Therefore, the 
number of machined workpiece as the basis of de- 
termination of changing the tool has to be set lower 
than the actual limit number of workpieces which 
can be machined by the tool for its full life, so that 
the tool with sufficient life remained has been wast- 
ed. 
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(4) The prediction of a breakage of the tool or the 
detection of the breakage immediately after its oc- 
currence can prevent producing of defective prod- 4. 
ucts with scratches by the broken tool and wasting 

of a workpiece by the broken tool stuck in the work- 5 
piece. 

(5) The threshold of the disturbance torque of the 
spindle motor and/or the feed axis motor for discrim- 
ination of a breakage of the tool is conventionally 10 
set to a constant value which has been predeter- 
mined in dependence on each machining condition 5. 
on the basis of experiments or experience of the op- 
erator. The running threshold of the present embod- 
iments is automatically determined based on an av- is 
erage or maximum the past disturbance loads in the 
machining in compliance with any machining con- 
dition, to eliminate the burdensome setting process 6. 

_of the threshold which has been conventionally re- 
quired. 20 

Claims 

7. 

1. A device for detecting an abnormality of a tool at- 25 
tached to a machine tool, comprising: 

cutting load detecting means for detecting a 
cutting load on a spindle motor and/or a cutting 
load on a feed axis motor in machining by the 30 8. 
machine tool; 

present load presuming means for obtaining at 
least one of an average and a maximum of the 
cutting load detected by said cutting load de- 
tecting means in a first period as a presumed 35 
present load; 

threshold determining means for determining a 
running threshold based on at least one of an 
average and a maximum of the cutting load de- 
tected by said cutting load detecting means in 40 9. 
a second period longer than the first period; 
discriminating means for discriminating an ab- 
normality of the tool based on a comparison be- 
tween the presumed present load with the run- 
ning threshold. 45 



data for the second time period. 

A device for detecting an abnormality of a tool ac- 
cording to claim 2 or 3, wherein said threshold de- 
termining means determines the running threshold 
based on at least one of an average and a maximum 
of the cutting load from a point of time preceding a 
present time by a third period longer than the sec- 
ond period to a point of time preceding the present 
time by the second period. 

A device for detecting an abnormality of a tool ac- 
cording to any preceding claim, wherein said dis- 
criminating means comprises means for issuing a 
signal requiring a change of the tool based on dis- 
crimination of an abnormality of the tool. 

A device for detecting an abnormality of a tool ac- 
cording Lo any preceding claim, wherein said dis- 
criminating means discriminates an abnormality of 
the tool when the presumed present load exceeds 
the running threshold. 

A device for detecting an abnormality of a tool ac- 
cording to any preceding claim, wherein said dis- 
criminating means discriminates an abnormality of 
the tool when the presumed present load is lower 
than the running threshold. 

A device for detecting an abnormality of a tool ac- 
cording to any preceding claim, wherein said 
threshold determining means determines a first run- 
ning threshold and a second running threshold 
smaller than said first running threshold, and said 
discriminating means discriminates an abnormality 
of the tool when the presumed present load ex- 
ceeds the first running threshold or is less than the 
second running threshold. 

A device for detecting an abnormality of a tool at- 
tached to a machine tool, comprising: 

cutting load detecting means for detecting a 
cutting load on a spindle motor and/or a cutting 
load on a feed axis motor; 



2. A device for delecting an abnormality of a tool ac- 
cording to claim 1 , wherein said threshold determin- 
ing means determines the running threshold by 
multiplying the average or the maximum of the cut- so 
ting load for the second time period by a predeter- 
mined coefficient. 

3. t A device for detecting an abnormality of a tool ac- 

cording to claim 1 or 2, wherein said threshold de- 55 
termining means determines the running threshold 
by adding/subtracting a predetermined value to/ 
from the average orthe maximum of the cutting load 



present load presuming means for obtaining 
presumed present load; 

threshold determining means for determining a 
running threshold of a band range defined by 
setting an upper limit and a lower limit with re- 
spect to an average waveform of the cutting 
load in a plurality of machining cycles from re- 
spective starts to ends of machining preceding 
the present machining cycle; and 

discriminating means for discriminating an ab- 
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normality of the tool based on comparison of 
the presumed present load with the running 
threshold. 

10. A device for detecting an abnormality of a tool ac- 5 
cording to claim 9 } wherein said threshold determin- 
ing means sets the upper limit and the lower limit 

by multiplying the average waveform of the cutting 
load by predetermined respective coefficients. 

10 

11. A device for detecting an abnormality of a tool ac- 
cording to claim 9 or 10, wherein said theshold de- 
termining means sets the upper limit and the lower 
limit by adding/subtracting predetermined respec- 
tive values to/from the average waveform of the cut- 15 
ting load. 

12. A device for detecting an abnormality of a tool ac- 
cording lo claim 9, 10 or 11 , wherein said discrimi- 
nating means discriminates an abnormality of the 20 
tool when the presumed present load exceeds the 
upper limit of the running threshold or is less than 

the lower limit of the running threshold. 

13. A device for detecting an abnormality of a to accord- 25 
ing to any preceding claim, wherein the tool is at- 
tached to a spindle of the machine tool. 
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(54) Tool abnormality detecting device 

(57) There is provided a tool abnormality detecting 
device capable of precisely detecting an abnormality of 
a tool of a machine tool and timely requiring a change 
of the tool. Disturbance torques ys and yz exerted on a 
spindle motor and a Z-axis feed motor, respectively, in 
machining are estimated and stored in a data table(S1 ). 
Averages ysav 1 and yzavl of ys and yz, respectively, 
in a period from a point of time preceding the present 
time by a time period T1 to the present time are obtained 
as presumed present loads (S3). Running thresholds 
are determined based on averages ysav23 and yzav23 
of ysandyz, respectively, in a period from a point of time 
preceding the present time by a time period T2 to a point 
of time preceding the present time by a time period T3 
(T1<T2<T3)(S4). The presumed present loads ysav 1 
and yzavl are compared with the running thresholds, 
respectively (S6), and if any of the presumed present 
loads ysav 1 and yzavl deviates from the running 
threshold, it is discriminated that an abnormality of the 
tool occurred and a signal requesting a change of the 
tool is issued after the present machining cycle (S7). 
The running threshold may be determined based on an 
average waveform of the disturbance torque in a plural- 
ity of past machining cycles. 
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